Background: The preference for a fairer skin-tone has become a common trend among both men and women around the world. In this study, seaweeds Sargassum polycystum and Padina tenuis were investigated for their in vitro and in vivo potentials in working as skin whitening agents. Seaweed has been used as a revolutionary skin repairing agent in both traditional and modern preparations. The high antioxidant content is one of the prime reasons for its potent action. It has been employed in traditional Chinese and Japanese medicine. For centuries, most medical practitioners in the Asian cultures have known seaweed as an organic source of vitamins, minerals, fatty acids like omega-3 and omega-6 and antioxidants. The present objective of the study was to evaluate the potent dermal protective effect of the two seaweeds Sargassum polycystum and Padina tenuis on human cell lines and guinea pigs. Material and Methods: Seaweeds were extracted with ethanol and further fractionated with hexane, ethyl acetate and water. The extracts were tested for mushroom tyrosinase inhibitory activity, cytotoxicity in human epidermal melanocyte (HEM), and Chang cells. Extracts with potent melanocytotoxicity were formulated into cosmetic cream and tested on guinea pigs in dermal irritation tests and de-pigmentation assessments. Results: Both Sargassum polycystum and Padina tenuis seaweeds showed significant inhibitory effect on mushroom tyrosinase in the concentration tested. SPEt showed most potent cytotoxicity on HEM (IC 50 of 36μg/ml), followed by SPHF (65μg/ml), and PTHF (78.5μg/ml). SPHF and SPEt reduced melanin content in skin of guinea pigs when assessed histologically. Conclusion: SPEt, SPHF and PTHF were able to inhibit HEM proliferation in vitro, with SPHF being most potent and did not cause any dermal irritation in guinea pigs. The results obtained indicate that SPHF is a promising pharmacological or cosmetic agent.
Introduction
The human skin covers the external surface of the body, is the largest organ accounting for about 16% of total body weight. Human skin has a wide spectrum of colors, ranging from shades of aphotic amber to white. The color of the skin is largely determined by the amount, size and type of melanin produced by melanocytes, the subsequent transfer of the pigments to keratinocytes and their eventual distribution and deposition in the skin (Miyamura et al., 2007) . Nowadays, an alternative for fairer derma tone has become one of the accepted trends for both men and women across the globe, especially the Asian continent. Rapid increase in sales and varieties of whitening cosmetic products in the market is noticeable nowadays for this reason.
Whitening cosmetic products may improve skin lightness and dullness by interfering with the skin pigmentation cascade, such as the melanin biosynthesis pathway. A pivotal and rate-limiting enzyme in melanogenesis, tyrosinase, is often a target of the whitening cosmetic products (Maeda at al., 1997) . The anti-tyrosinase mechanisms include interfering with transcription and/or glycosylation of tyrosinase prior to melanogenesis, inhibition of tyrosinase, peroxidase and/or byproducts during melanogenesis, degradation of tyrosinase, inhibition of melanosome transfer, increasing of keratinocyte turnover and acceleration of epidermal renewal (Park et al., 2010) . There are antioxidants that inhibit several oxidation steps during melanogenesis, reducing agents that reduce dopaquinone back to DOPA and inhibitors for the enzymes tyrosinase and peroxidase that are directly involved in melanin biosynthesis (Piao et al., 2002) . In routine screening for potential skin whitening assay, the method often employed is the determination of ability profile of the agent under investigation in inhibiting tyrosinase activity. The test used is a cell-free mushroom tyrosinase assay system, as it is simple and relatively inexpensive to run. However it suffers from the fact that intracellular tyrosinase in melanocyte may respond differently than mushroom tyrosinase (Chan et al., 2011) .
A second mechanism for skin whitening is the actual direct cytotoxic effect of the whitening agents on the melanocytes. (Debabrata, 2009) .
Algotherapy is a term used for usage of algae, the official name for seaweed and sea grasses, in therapeutic treatments. Seaweed refers to the large marine algae that grow almost exclusively in the sea or in brackish water. Seaweed is widely used as food and as ingredients in cosmetic, pharmaceutical and chemical industries. Mineral-rich seaweed extracts may be found in skincare products such as skin moisturizing agents, facial cleansing products, masks, make-up removers and bath additives. Seaweed may help to improve the skin's elasticity and tone, prevent cellulites, soothe damaged or irritated skin, heal minor skin infections, detoxification, increase the immunity of the skin and enable it to cope with external stress. Employment of chemical constituents of algae was successfully proven by few studies (Hwang et al., 2006) . Brown algae poly phenols were used in inhibiting carcinogenesis of skin induced by UV-B in SKH-1 mice (Hwang et al., 2006) . Marine algae were also used in attenuating tumors in another study (Hiroyuki et al., 1990) . It was reported that seaweed contains high amount of minerals, proteins, vitamins, carbohydrates and other elements which are essential to the human body (Dawczynski et al., 2007; Ruperez, 2002) . Sea plants are good for the skin because they have chemical compositions which are similar to human body's plasma, which enables particularly good penetration of the nutrients (Chapman and Chapman, 1980) . In this study, the seaweeds Sargassum polycystum (S. polycystum) and Padina tenuis (P. tenuis) were investigated for their in vitro and in vivo potentials to work as skin whitening agents.
Material and Methods

Chemicals and Reagents
All chemicals used were of Analytical Reagent (AR) grade unless otherwise specified.
Mushroom tyrosinase inhibition assay
Seaweed extracts and fractions were screened for their cell-free anti-tyrosinase activities as described previously with minor modifications (Chan et al., 2011; Sheehan and Hrapchak, 1987) . L-3, 4-dihydroxyphenylalanine (L-DOPA) (Nacalai Tesque, Japan) was dissolved in 0.1M phosphate buffer (PB) at a concentration of 2.5mM and used as the substrate. For optimization of mushroom tyrosinase concentration, pure mushroom tyrosinase enzyme (EC 1.14.18.1; Sigma, USA) was dissolved and diluted to 9 different concentrations (25, 50, 75, 100, 200, 300, 400, 500 and 600U/ml) in PB. To each well of a 96-well plate (TPP, Switzerland), 150µl of PB were mixed with 50µl of mushroom tyrosinase in different concentrations and incubated for 10 minutes at room temperature. One hundred µl of L-DOPA were then added into each well and the mixture was further incubated for 20 minutes and the quantity of dopachrome formed was determined by reading the plate at 475nm. The assay was repeated using extracts and fractions at concentrations of 0, 10, 30, 50, 70, 100, 250, 500 and 1000µg/ml in triplicate. Then, 100µl of PB were mixed with 50µl of mushroom tyrosinase at the optimized concentration of 600U/ml and 50µl of the extracts or fractions at different concentrations, incubated for 10 minutes before addition of 100µl of L-DOPA. The mixture further incubated for 20 minutes before the absorbance was read in a microplate reader. Kojic acid (Nacalai Tesque, Japan) at a concentration of 100µg/ml was used as positive control.
Cell culture
The neonatal Human Epidermal Melanocyte (HEM) cells (104-05n, Cell Application, Inc. USA were cultured in Melanocyte Growth Medium (MGM; Cell Application, Inc. USA supplemented with 100U/ml of penicillin and 100µg/ml of streptomycin (Nacalai Tesque, Japan). Chang cells (CCL-13; American Type Culture Collection [ATCC], USA), a normal human liver cell line, were cultured in complete culture medium of high-glucose Dulbecco's Modified Eagle's Medium (DMEM; Nacalai Tesque, Japan) supplemented with 10% of Fetal Bovine Serum (FBS; JR Scientific, Inc., USA), 100U/ml of penicillin and 100µg/ml of streptomycin, 4mM L-Glutamine (Sigma, USA), 110mg/L Sodium Pyruvate (Sigma, USA) and 25mM HEPES (Nacalai Tesque, Japan). Cells were cultured in a humidified incubator at 37ºC with 5% CO2/95% fresh air. The culture medium was changed every 3 days. HEM cells used were all below passage 10.
Cell viability assay
Thiazolyl Blue Tetrazolium Bromide (MTT) assay was carried out to investigate the in vitro cytotoxic effects of the extracts and fractions towards both HEM cells and Chang cells. Cells were trypsinized with Trypsin-EDTA (Gibco, Invitrogen, USA) and seeded at 1 x 104 cells per well in 180µl of complete culture medium into a 96-well, flat-bottom cell culture plate, and incubated overnight. Twenty µl of sterile seaweed extracts and fractions were then added into the wells to final concentrations of 0, 10, 30, 50, 70, 100µg/ml in triplicate, and incubated for another 72h. Fifty µl of fresh, pre-warmed MTT solution (Gibco, Invitrogen, USA; 2mg/ml in Phosphate-Buffered Saline) were added into each well and the mixtures further incubated for 3h. The mixtures were then carefully decanted and replaced with 200µl of DMSO (Applichem, Germany). The formazan salts solubilized were quantified in a microplate reader with wavelength of 554nm against reference wavelength of 690nm (Chan et al., 2011) .
Whitening cream formulation
Seaweed extracts and fractions which possessed selective melanocytotoxicity were considered to have potential to exhibit depigmentation effects and were sent for formulation into cosmetic creams respectively by Healwell Pharmaceuticals, Sdn. Bhd. 4 Jalan Pengacara U1, Temasya Industrial Park, 40151 Shah Alam, Selangor, Malaysia. According to the formulation stated in Table 1 , the seaweed extracts and fractions were formulated at double the respective IC 50 concentrations of the in vitro experiments. Basal vehicle creams were prepared using the same formulation. The only exception was that they did not contain any seaweed extracts or fractions. 
Guinea pig studies
The creams with most potent and promising antihyperpigmentation effects were chosen for this guinea pig study. The hyperpigmentation inductions were executed as previously described with minor modifications (Rahman et al., 2001 ). Three brown male guinea pigs weighing about 400-600g were used. The back of each guinea pig was cleanly shaved using an electronic shaver (epilator). The guinea pigs were treated gently and anesthetized with pentobarbitone (0.03ml/100g) during hyperpigmentation inductions. The selected spots (1cm diameter circles) on the back of each animal were exposed to UVB radiation (emitted maximally at 315nm) by covering the back of each animal with UV opaque film that has separate circular cutouts of 1cm in diameter. The radiation dosage was measured with a UV radiometer. The UVB intensity used was 1.40mW/cm 2 and the total energy dose was 800mJ/cm 2 per exposure. For hyperpigmentation inductions, the animals were exposed to UVB radiation for 1 min and then stopped for 2 min. This step was repeated 11 times for each spot for each animal, 3 times a week with at least 1 day interval for 3 consecutive weeks. One day after the last exposure, seaweed creams were topically applied to the hyperpigmented spots twice a day for 3 consecutive weeks. The control sites were treated with basal vehicle cream. Three weeks later, biopsies of selected areas of the skin were taken, processed and embedded in paraffin by standard histological methods. After sectioning using a microtome, the tissue was stained by Fontana-Masson stain (Peng et al., 2001 ) and the effect of the creams on dermal melanin was observed under a light microscope.
Statistical analysis
All data were analyzed using Student's t-test (two-tailed).
Results and Discussion
Effects of seaweed extracts on mushroom tyrosinase inhibition assay and cell viability assay in HEM and Chang cells
From the results obtained in this study, it can be seen that PTHF, SPHF and SPEt possess greater cytotoxic effects on HEM, with lower cytotoxic activity against Chang cells. From the data it was decided to formulate creams containing SPEt, SPHF and PTHF for further in vivo studies in human volunteers.
Skin whitening agents may act in one of two ways -inhibiting melanogenesis in melanocytes or having selective cytotoxicity towards the melanocytes thus preventing their normal function. A commonly used screening method for potential skin whitening agents is the cell -free mushroom tyrosinase inhibition assay, given the central role of tyrosinase in the synthesis of melanin (Chan et al., 2011; Maeda at al., 1997). This assay is simple and relatively inexpensive to use. However, the ability of the extracts to inhibit mushroom tyrosinase did not exactly match the in vivo de-pigmentation results.
SPEt did reduce mushroom tyrosinase activity over the whole range of concentrations used, SPHF extracts had more inconsistent effects and at the highest doses appeared to actually have a stimulatory effect or "negative inhibition" ( Table 2) . PTHF too inhibited mushroom tyrosinase activity at the lower doses but higher doses of 500 and 1000μg/ml the effect was again stimulatory instead. Based on these mushroom tyrosinase inhibition studies alone, SPHF and PTHF would have most likely to be excluded from further study. Even though SPEt reduced mushroom tyrosinase activity, however the reduction was modest reaching less than 12% at the maximum, even at high doses of extract, and so would probably be considered only a modestly promising agent at most.
The effects of different extracts of S. polycystum and P. tenuis on mushroom tyrosinase activity are elucidated in Table 2 . Of all the fractions analyzed, only ethanol extract of S. polycystum (SPEt-Sargassum polycystum Ethanol crude extract) and P. tenuis (PTEt-Padina tenuis Ethanol crude extract) induced possessed consistent inhibition of tyrosinase activity up to extract concentration of 1000μg/ml. However the inhibition was slight, only up to a maximum of below 12 % even at the highest doses. Other fractions had more inconsistent inhibitory activity, and in two fractions, hexane extract of S. polycystum (SPHF-S. polycystum Hexane fraction) and P. tenuis (PTHF-P. tenuis Hexane fraction) there was inhibition at lower concentrations and stimulation ("negative inhibition") at higher concentrations. 
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The cytotoxic effects of the extracts of Human Epidermal Melanocyte (HEM) cells and control Chang cells are illustrated in Table 3 and Table 4 . With HEM cells, Sargassum polycystum Ethanol crude extract (SPET), S. polycystum Hexane fraction (SPHF) and P. tenuis Hexane fraction (PTHF) had the greatest cytotoxic activity with IC 50 values of 36 μg/ml, 65μg/ml and 76.5 μg/ml, respectively. In Chang cells, SPEt also showed some cytotoxicity but the toxicity was lower than that in HEM cells (IC 50 61 μg/ml vs 36 μg/ml). PTHF showed considerable toxicity towards HEM cells had little effect on Chang cells. On the other hand, PTEt and PTEA showed greater toxicity towards HEM cells than Chang cells. 50 (the concentration which will exert 50% inhibitory effect) was calculated based on the graph plotted using Microsoft Excel 2013.
Another consideration for the use of skin whitening agents is to ensure that it should have less cytotoxicity towards normal cells than melanocytes. From the cell viability studies, SPEt, SPHF and PTHF had lower IC 50 values on HEM cells than on the Chang cells, and thus showed some degree of selective cytotoxicity (Tables 3 and 4) . It was decided to formulate the cream based on these results. The PTEt extract was not used because although it inhibited mushroom tyrosinase ( Table 2) , it has also showed high cytotoxicity towards the Chang cells (Table 4) which was used to represent normal cells. The doses of extracts used were decided upon following consultation with the formulators of the cream. A dose of double the IC 50 was decided upon to ensure that the melanocytes were exposed to an adequate dose of the extract. Melanocytes in the skin are located on the stratum basale which means that the active components of the extract will have to penetrate through several layers, including the stratum corneum, stratum lucidum, stratum granulossum and stratum spinosum before reaching the target cells. Figure 1 a shows that the skin from an area of the skin away from the cut-out region of the UV opaque film that was shielded from UVB exposure. There is a small amount of melanin, which stains black . Fig 1 c is from an area of the guinea pigs skin treated with cream only. This area shows more extensive patches of black melanin staining. Skin from areas that had been treated with cream containing SPHF is been represented in (Fig. 1 c) and that of SPEt is illustrated in (Fig. 1 d) which had less staining for melanin than in Figs 1 a and 1b. A similar pattern was seen in two other guinea pigs. Therefore, the in vivo results need not necessarily be reflective of the in vitro tests, and depending on the in vitro screening tests alone may result in some skin good whitening agents to be overlooked.
The exposure of guinea pig skin to UVB radiation was successful in causing hyperpigmentation after three weeks of exposure. Moreover, the fur which was unevenly colored, continued to overgrow the pigmentated patches and even when shaven it was difficult to assign a score with confidence. Thus it was decided to examine the melanin formation histologically. Although a score could not be assigned here, the dark granules of melanin stained by the Fontana-Masson method in the exposed area of the skin treated with cream base only (control) was noticeably higher than the skin from shielded area, indicating that the UVB radiation induced melanognesis. Treatment with cream containing SPHF and SPEt over 3 weeks after the cessation of UVB irradiation reduced the melanin staining compared to control. The active substances may act by directly inhibiting the tyrosinase, or by affecting the function of the melanocytes by their cytotoxic effects. The mechanism of action and composition of the active ingredients in the extracts are under active investigation.
In conclusion, it appears that the seaweeds S. polycystum and P. tenuis may contain substances that may be useful for the use of skin whitening formulations. Of these S. polycystum appears to be more promising, especially the hexane extracts. Further research is underway to identify the active substances.
